HbCO and CO determination 


The reference for the estimation of the R-value for HbCO in blood is Pre and Mallet (1987) and 
for CO in exhalate is Fortmann et al. (1984). 

They determined plasma thiocyanate levels in the same subjects simultaneously as an 
additional marker for smoke exposure. Hence, in these 2 studies plasma thiocyanate could be 
used as a calibration for the 2 different CO exposure markers. Although there were 
discrepancies in the absolute plasma thiocyanate levels between the 2 publications, the 
R-values for plasma thiocyanate calculated from their results were the same, i.e., 3.1. 


Pre and Mallet (1987); HbCO determination in blood: 

The number of subjects (N) studied by Pre and Mallet (1987) was very small, i.e., 11 smokers 
and 21 nonsmokers. Nevertheless, the standard deviations (SD) of the values are in the range 
of those reported by others, including Klesges et al. (1995) where N was large, i.e., 1467 (see 
Table 1, below). 

The blood samples were systematically collected between 8 and 9 A.M. and after an abstinence 
from smoking of at least 1 hour (Pre and Mallet, 1987). This could explain why their HbCO level 
in smokers (i.e., 4.05 %) was in the lowest range of reported values in the literature. This low 
blood HbCO level in smokers in the morning is consistent with results shown by Benowitz and 
Jacob (1984): the mean HbCO levels in smokers increased significantly during the day. 

The HbCO concentrations in smokers reported in the literature demonstrate the wide range of 
reported mean concentrations. For example, from 98 studies so far, Lightfoot (1972) using only 
2 subjects reported a high value of >18 %, while Klesges and Klesges (1993) using 280 
subjects reported a low value of 1.73 % (+0.74%) (cited by Smith et al., 1998). 
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It is not clear why the HbCO concentration in nonsmokers reported by Pre and Mallet (1987) is 
so high (i.e., 2.17 + 0.49 %), much higher than other values shown for nonsmokers (Table 1, 
below). And in textbooks it is said that nonsmoking adults normally do not have more than 1 % 
of their total circulating hemoglobin in the form of HbCO (Chale, 1993; Smith, 1996). 

In conclusion, I personally think that the R-value for HbCO in blood as calculated from Pre and 
Mallet (1987) should be considered as the lowest borderline. 


Fortmann et al. (1984); CO determination in exhalate: 

The data behind Fortmann et al. (1984) are very convincing. The number of subjects was large, 
i.e., N = 400 for smokers and N = 742 for nonsmokers. Sample collection and determination 
seemed to be in accordance with the conditions indicated by Robbie, including breath holding, 
collection of alveolar air only, and immediate CO determination. The dose-effect relationship, 
i.e., nonsmokers - ex-smokers (4.6 and 5.0 ppm exhaled CO, respectively) < irregular smokers 
(2.9 cig./day; 9.6 ppm) < light smokers (3.3 cig./day; 11.1 ppm) < regular smokers 
(22.5 cig./day; 27.3 ppm), is also an indication of the quality of the study. The exhaled CO 
values for smokers and nonsmokers were similar to those reported by Lando et al. (1991). It 
seems that variation in reported mean exhaled CO values in smokers is low. 

In conclusion, the R-value for exhaled CO as calculated from Fortmann et al. (1984) can be 
considered as characteristic. 


Taken together: 

As shown in Table 1 and Table 2 (see below; I will update the Tables as our search of literature 
progresses), if one excludes Pre and Mallet (1987), the difference in calculated R-values for 
HbCO in blood and those for exhaled CO is not large. Moreover, the results of Smith et al. 
(1998) show that HbCO in blood and expired breath CO were highly correlated in smokers who 
switched from smoking their usual brands to smoking a research cigarette prototype. 
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The biological half life for the 2 markers is also similar, i.e., about 4 h on average for HbCO in 
smokers (Coburn et al., 1965; Lawther, 1975; Wald et al., 1975) and 3 + 0.36 h for CO in 
smokers (Taniguchi et al., 1999). 

In conclusion, I believe that the technical problems inherent in the 2 methods plus the 
acceptance of procedures by volunteers should be of more crucial consideration in this issue 
than the R-values are. 
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Smoker (S) 

Nonsmoker (NS) 

Ratio S/NS 

Reference 

4.05 ± 2.14 (N = 11) 

2.17 ±0.49 (N - 21) 

1.87 

Pre and Mallet (1987) 

6.1 ±2.58 (N = 32} 

1.7 ±0.55 (N = 38) 

3.58 

Zahran et al. (1982) 

4.77 a 

0.79 3 

6.04 

Law et al. (1997) 

8.2 ±0.94 (N = 14) 

- 

- 

Smith et al. (1998) 

5.07 ± ? (N = 343) 

- 

- 

Wald et al. (1977) 

4.96 + 2.31 (N = 1467) 

- 

- 

Klesges et al. (1995) 

>18 (N = 2) 

- 

- 

Lightfoot (1972) 

1.73 ±0.74 (14 - 280) 

- 

- 

Klesges and Klesges (1993) 

5 to 10 

<1 

>5 

Smith (1996) 

5 to 9 

0.4 to 0.7 

>7 

Chale (1993) 


Table 1 HbCO Concentration in Blood (%) 


Smoker (S) 

Nonsmoker (NS) 

Ratio S/NS 

Reference 

27.3 ± 12.8 (N = 400) 

4.64 + 1.97 (N = 742) 

5.9 

Fortmann et al. (1984) 

21 b (N = 78) 

~5 b (N = 45) 

~ 4.2 

Vogt et al. (1977) 

24.7 ± 10.47 (N = 351) 

4.2 ± 1.66 (N = 2328) 

5.8 

Lando et al. (1991) 

~15 "(N = 11) 

- 2 b (N = 40) 

- 7.5 

Taniguchi etal. (1999) 


Table 2 CO Concentration in Exhaled Air (ppm) 


a N = unknown; from an epidemiological study in which the total N = 11403 
6 values estimated from a graph 
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